The arc spectrum of rhodium has been investigated photographically in the region 6300 to 12000 A. The spectrum was excited in conventional direct-current arcs and photographed on infrared sensitive emulsions with the aid of concave diffraction gratings. Wavelengths have been measured for 238 Rh T lines, including 90 new lines, of which 53 have been classified. Two new even levels have been added to the list of known term values; these two new levels account for 18 of the 53 newly classified Rh i lines.
Introduction
The analysis of the Rhi spectrum has been extended to the long-wave limit of photographic emulsion sensitivity, in order to provide additional term values of Rhi for volume III of Bureau Circular 467, now being compiled [I] . 2 Except for studies of Zeeman effect, no investigations of this spectrum have been made since 1925, when Meggers [2] published a paper on the platinum metals. That paper gave the wavelengths of 551 rhodium lines between 4504 and 8615 A. In 1901 C. P. Snyder [3] published "The wave-number system of rhodium", containing regularities among 476 Rhi lines. The significance of these regularities was not realized until 25 years later, when a partial interpretation of this system was given by Meggers and Kiess [4] .
Prior to 1940 the only analysis of the Zeeman effect of rhodium was that given by Sommer [5] in 1927. He lists 136 atomic energy levels and classifies approximately 1,000 lines, about 90 of which are accompanied by data on the Zeeman effect. In 1940 an analysis by Molnar and Hitchcock [6] improved and extended the earlier work of Sommer [5] . They list wavelengths, relative intensities, and vacuum wave numbers (both observed and computed) for 446 lines from 1988 to 8615 A, in addition to 29 terms, and ^-values for 108 levels. The term values from their paper have been used in the present investigation.
Thus the extension of the description and analysis of Rhi from 8615 to 11021 A is desirable and has been made possible mainly by the use of the new photographic emulsions now available for spectroscopic studies. These emulsions are sensitive much farther into the infrared than they were in 1925. This is illustrated by the thallium line at 13013 A recently photographed [7] in the Bureau's Spectroscopy Laboratory, which sets a new mark for long-wave photography of laboratory arc sources.
Experimental Details
The spectrum, Rhi, as presented in this paper was excited by means of direct-current arcs between electrodes of metallic rhodium. These electrodes, measuring approximately 6 by 10 mm, were made by pressing rhodium-metal powder in a Dietert hydraulic press. These solid cylinders of rhodium were pinch ed in slotted copper rods that served as electrode holders. The power was drawn from a 220 v d-c circuit, with currents of 6 to 8 amp.
All the spectrograms in this investigation were made with concave diffraction gratings set up in Wadsworth mountings, as described by Meggers and Burns [8] .
The range from 6300 to 8700 A was photographed with Eastman I-N plates, from 8000 to 10200 A with Eastman I-Q plates, and from 9700 to 12000 A with Eastman I-Z plates. The I-Q and I-Z plates were hypersensitized according to the method described by Burka [9] . This consisted of bathing the plates for 2 min in 2-to 6-percent solutions of 28-percent ammonia, followed by a 2-min wash in alcohol and rapid drying with warm air.
For the N-sensitivity region, a 15,000 lines/in, grating was used. The first-order spectrum of this grating has a reciprocal dispersion of 4.85 A/mm. The long-wave Z-sensitivity region was photographed in the first order of a 7500 lines/in, grating. In its first-order spectrum this spectrograph has a reciprocal dispersion of 10 A/mm. The Q-sensitivity region lying between the N-and Z-sensitivity regions, \ras investigated with both gratings described above.
Exposures varied from 20 min in the N region to 4 hr and 7 hr, respectively, in the Q and Z regions. In the long-wave region, a dark-red-glass filter placed in front of the spectrograph slit eliminated second and higher overlapping spectral orders and permitted the first-order Rhi spectrum to be photographed. For shorter wavelengths, a yellow-glass filter was used to give the first-order spectrum of rhodium.
For the spectral ranges covered by the I-Z and I-Q plates, iron wavelength standards adopted by the International Astronomical Union [10] were taken from the second-or third-order spectra and converted to first order, but for the range observed with I-N plates the iron comparison spectrum was recorded in the same first order as the rhodium spectrum.
Results
Measurements of the line positions for wavelength determinations, and visual estimates of line intensities and character, were made on a Gaertner moving-carriage comparator. This instrument gives readings directly to 1 p. Each Rhi line retained in the final list was observed and measured at least three times, and many were remeasured several times to increase wavelength accuracy. The probable error for most wavelengths is approximately 0.02 A. Toward the long wavelengths, where most of the lines were recorded as hazy, which makes an accurate comparator setting quite difficult, the error approaches 0.05 A. The range of estimated relative intensities is from "IV, which indicates a weak line difficult to bisect, to "800" for the strongest Rhi line.
The final values of wavelengths, estimated relative intensities and line character, vacuum wave numbers, and term combinations of classified lines are given in table 1. For classified lines, the wave number calculated from the energy levels is also given. The term notation is that used by Molnar and Hitchcock [6] . 92y2 -S°2i4
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Although others have published data on Rhi extending to 8615 A, a comparison of the intensities of corresponding lines shows that the present estimates are on a more open scale that is approximately five times greater than that used in earlier publications. In addition, new lines have been discovered in the regions previously investigated. Of the 238 new wavelength measurements here listed, 148 had previously been measured by Meggers [2] , of which 111 were included by Molnar and Hitchcock [6] . With the aid of a grating ruled with 15,000 lines/in., it has been possible to increase the precision of some Rhi wavelengths. With the new photographic emulsions it has been possible to investigate this spectrum out to 12000 A, although there is only one Rhi line beyond 11000 A.
One of the main difficulties encountered in the spectral observation of the platinum metals in open air arcs is the presence of many atoxnic oxygen and nitrogen lines, and unidentified molecular lines, particularly between 8300 and 11000 A. A comparison with this Bureau's wave length data, published and unpublished, shows that table 1 contains no lines originating from atmospheric constituents in the atomic state. Atmospheric molecular lines were more troublesome, and it was a problem to determine which lines could be legitimately discarded as such. Fortunately, a photograph of the i idiuir spectrum in the same region was available, and all lines appearing in both spectra were ascribed to atmospheric spectra and removed from the Rh i list. Several calcium, sodium, potassium, and copper lines were also present in the rhodium spectra, but the first three would be expected in almost any metallic sample. The copper lines were introduced when the arc jumped to the copper electrode holder.
Classification of Observed Lines of Rhi
With the term values as given by Molnar and Hitchcock [6] , a systematic subtraction between even and odd levels with differences between 8000 and 17000 cm" 1 was carried out. This served to classify 35 lines belonging to known terms. In addition, a search for all the known term separations among three dozen of the stronger lines still remaining unclassified has resulted in the discovery of two new even levels. With these two new levels, one at 23655.93 cm" 1 , suspected to be a b *P 1H level, and the other at 27876.52 cm" 1 , suspected,to be a b 2 G 3 y a level, it was possible to classify 18 more lines of Rhi. One of these lines had previously been incorrectly classified. This is seen in the following example by the much closer agreement between the observed and computed vacuum wave numbers given by the new b The new transitions in the infrared have resulted in the assignment of J-values to two known levels for which the values were previously ambiguous.
